Cerebellar histopathological abnormalities have been well documented in autism, although findings of structural differences, as determined by magnetic resonance imaging, have been less consistent. This report explores specific cerebellar vermal structures and their relation with severity of symptoms and cognitive functioning in young children with autism spectrum disorder (ASD). Children with ASD aged 3 to 4 years were compared with typically developing children (TD) matched to the ASD children on chronological age, and children with developmental delay (DD) matched to the ASD children on both chronological and mental age. Volumes of the cerebellum and midsagittal vermal areas were measured from 3-D T1-weighted magnetic resonance images. Children with ASD had reduced total vermis volumes compared with children with TD after controlling for age, sex, and overall cerebral volume or cerebellum volume. In particular, the vermis lobe VI-VII area was reduced in children ASD compared with TD children. Children with DD had smaller total vermis areas compared with children with ASD and TD. Within the ASD group, cerebellar measurements were not correlated with symptom severity, or verbal, non-verbal or full scale IQ. Within the DD group, larger cerebellar measurements were correlated with fewer impairments. The specific relation between altered cerebellar structure and symptom expression in autism remains unclear.
Introduction
Autism spectrum disorder (ASD) is characterized by impaired social functioning and communication, and a restricted range of activities. A number of neurobiological hypotheses have been put forward to account for autism behaviors that implicate neural and network abnormalities in the cerebellum, frontal cortex, medial temporal lobe, in general, and the amygdala and/or hippocampus, superior temporal lobe/sulcus, and brainstem, specifically. While this list is not exhaustive in its scope, it illustrates the pervasive impact of this disorder on neural functioning, the likelihood that multiple brain regions are affected, and the potential for heterogeneity in etiology.
Post-mortem histopathological studies have consistently demonstrated cellular alterations of the cerebellum in individuals with autism. In 21 of 29 autopsy cases reviewed by Palmen et al. (2004) , there were decreased numbers of Purkinje cells, the main efferent system for the cerebellum. For a subset of cases, morphological alterations were also present. Histopathological findings suggest that cell loss occurs more consistently in the lateral hemispheres and the vermis, particularly posterior regions (Williams et al., 1980; Ritvo et al., 1986; Fehlow et al., 1993; Bauman and Kemper, 1994; Bailey et al., 1998; Kemper and Bauman, 1998, 2002; Purcell et al., 2001; Lee et al., 2002) .
Structural MRI investigations of cerebellum morphometry in ASD have generally demonstrated increases in total cerebellar volume and posterior vermis volume, but reports have been less consistent in direction of effects in other areas. Herbert et al. (2003) , Sparks et al. (2002), and Palmen et al. (2005) all found increased cerebellar volume in young children with autism spectrum disorder; however, overall cerebellar volumes were proportional to total enlarged cerebral volume, rather than specific to the cerebellum. Posterior midsagittal vermis areas VI-VII have been found to be decreased (Kates et al., 1998; Carper and Courchesne, 2000; Courchesne et al., 2001; Kaufmann et al., 2003; Akshoomoff et al., 2004) . In contrast, anterior vermis has been found to be both normal and increased (Courchesne et al., 2001; Akshoomoff et al., 2004) ; and the pyramis/uvula/nodulus (vermis volume VIII-X) has been found to be both decreased and normal (Levitt et al., 1999; Courchesne et al., 2001 
